The Yukon-Tanana Upland of east-central Alaska and Yukon comprises thrust sheets of ductilely deformed metasedimentary and metaigneous rocks of uncertain age and origin that are overlain by klippen of weakly metamorphosed oceanic rocks of the Seventymile-Slide Mountain terrane, and intruded by post-kinematic Early Jurassic, Cretaceous and Tertiary granitoids.
Introduction
The Yukon-Tanana Upland of east-central Alaska and Yukon comprises thrust sheets of ductilely deformed metasedimentary and metaigneous rocks of uncertain age and origin that are overlain by klippen of weakly metamorphosed oceanic rocks of the Seventymile-Slide Mountain terrane, and intruded by post-kinematic Early Jurassic, Cretaceous and Tertiary granitoids.
Metamorphosed continental margin strata in the Yukon-Tanana Upland of east-central Alaska are thought to be correlative, on the basis of stratigraphic similarities and sparse Mississippian U-Pb zircon and fossil ages (Mortensen, 1992) , with middle Paleozoic metasedimentary and metavolcanic rocks in the eastern Alaska Range and in western and southeastern Yukon. Furthermore, rocks in the northern Yukon-Tanana Upland may correlate across the Tintina fault with unmetamorphosed counterparts in the Selwyn Basin (Murphy and Abbott, 1995) .
Volcanic-hosted (VMS) and sedimentary exhalative (sedex) massive sulfide occurrences are widely reported for these other areas (green-colored unit of fig. 1 ) but, as yet, have not been documented in the Alaskan part of the Yukon-Tanana Upland. Recent discoveries of VMS deposits in Devono-Mississippian metavolcanic rocks in the Finlayson Lake area of southeastern Yukon (Hunt, 1997) have increased the potential for finding VMS deposits in rocks of similar lithology and age in the Yukon-Tanana Upland of Alaska. Restoration of 450 km of early Tertiary dextral movement along the Tintina fault juxtaposes these two areas. 
This study
We report here the initial results of a study initiated by the U.S. Geological Survey (USGS), in cooperation with geologists from industry and academia, aimed at characterizing the mode of occurrence, age and petrogenesis of stratiform base-metal occurrences in the YukonTanana Upland of east-central Alaska others, 1997, 1998a,b) . We report on our ongoing investigation in two of the areas under study: 1) the Chena Slate Belt (CSB) located 110 km east of Fairbanks ( fig. 2) , and 2) the Liberty area located 200 km farther east near the Alaska-Yukon border ( fig. 6 ).
Chena Slate Belt

Identification and exploration of sediment-hosted base-metal targets
The Chena Slate Belt is an informal name, coined by WGM, Inc., for a 75-km-long belt of siliceous and carbonaceous black quartzite, slate, and phyllite (grey-colored unit, fig. 2 ) in the northern Big Delta quadrangle. USGS reconnaissance mapping and rock and stream-sediment geochemical studies in the late 1970's indicated a potential for sediment-hosted base-metal deposits in the belt (Menzie and Foster, 1978 fig. 2 ). Eight core holes totaling 1,600 m drilled as preliminary tests of the targets revealed a section comprising 30 m of tan sericitic phyllite underlain by at least 550 m of interlayered gray to black siliceous phyllite and quartzite. Twenty-five km to the west, another base-metal target was drilled in carbonaceous and calcareous slate at Drone Creek (DC, fig. 2 ). 
Results from drilling
The best mineralized target at the Teuchet Creek Property yielded intersections of up to 5 percent disseminated and foliation-parallel pyrite, sphalerite and galena in carbonaceous phyllite and quartzite over intervals of 18 m to 61 m. Mineralized sections included 4.6 m at 0.92 percent Zn and 0.32 percent Pb, with 12 cm at 10.1 percent Zn, 3.6 percent Pb, and 38 g/t Ag. Pyrite occurs locally in massive layers up to 52 cm thick with bands of red-brown sphalerite, galena and pyrite up to 12 cm thick (figs. 3A and 3B). Drilling at the Drone Creek Property revealed approximately 45 m of sulfide-bearing zones, including a 17 m interval of black, very carbonaceous slate with laminae of sphalerite, galena, pyrite and pyrrhotite with 5-7 percent total sulfides. A 1.2-m thick sphalerite-rich interval from which the sample shown in figs. 3C and 3D was taken averaged 1.88 percent Zn, 820 parts per million (ppm) Pb, and 4.4 g/t Ag. 
Sulfide textures and mineralogy
Primary sedimentary features in the carbonaceous rocks have been obliterated by complex ductile shearing, folding, and low-to medium-grade metamorphism. Deformation fabrics in the sulfides indicate that mineralization pre-dated regional metamorphism. Early formed, near vertical, quartz veining is truncated along low-angle shear planes along which pyrite is commonly concentrated ( fig. 4A ). Pyrite precipitation both preceded ( fig. 4B ) and followed ( fig. 4C ) quartz veining and shearing episodes. Pyrite occurs as laminae of subhedral cubes and as larger porphyroblasts which have been partially comminuted into fine fragments ( fig. 5A) . Sphalerite (about 84 percent ZnS) occurs as anhedral lenses and galena forms interstitial fillings in areas high in pyrite and sphalerite (figs. 5A and 5B). Boulangerite (PbSbS) and selenium-rich galena (PbSPbSe solid solution) ( fig. 5C ) occur along with galena in one interval of TC5 core. Chalcopyrite, pyrrhotite, and arsenopyrite are present in minor amounts. 
Liberty area
Stratiform Zn-Pb-Ag mineral occurrences are hosted in carbonaceous schist, quartzite, and possible felsic metavolcanic rocks in a poorly exposed 150 km 2 area near Liberty in the southeastern Eagle quadrangle of Alaska and in adjacent parts of Yukon ( fig. 6 ). In Alaska, this area is part of the holdings of the Doyon, Limited, Native Corporation. Most of the mineralization occurs in rocks proposed as correlatives of the Devono-Mississippian Nasina assemblage (Mortensen, 1988; Foster, 1992) . Foster, 1992, and Mortensen, 1988) .
Newly identified zinc mineralization in Nasina Quartzite
Three previously unreported localities of sphalerite-bearing quartzite were discovered during this study along a three-km stretch of the Taylor Highway near the mouth of Columbia Creek. Carbonaceous quartzite is the dominant lithology at all three localities but mineralization was only observed in carbon-free or carbon-poor quartzite (metachert or exhalite?). At the southernmost and middle localities (borrow pits), dark foliaform laminae of reddish-amber sphalerite >>pyrite >galena >chalcopyrite occur within scattered blocks of buff-colored, celsian (barium silicate)-bearing quartzite (94-96 percent SiO 2 ) (figs. 7A and 7B). Strained, elongate quartz grains and thin folia of tabular celsian define a penetrative fabric. Celsian-bearing quartzites from both sites are high in Ba (1.6 and 3.6 percent), Zn (1.8 and 2.7 percent), and Pb (3,980 and 1,040 ppm). The northernmost locality consists of variably rusty-weathering, tan to pale gray, slightly muscovitic and carbonaceous quartzite (88 percent SiO 2 ) exposed in outcrop and landslide debris just east of the mouth of Columbia Creek. Interlayered with the quartzite are 10-20 cm-thick layers of more muscovite-rich quartzite including some layers of muscovite schist. These layers may have originated as felsic tuffs. The sulfides (amber-brown sphalerite>>galena, chalcopyrite) occur within the quartzite in discontinuous lenses 1-2 cm thick ( fig.8) . 
Quartzite-hosted mineralization spans border
Four showings of stratiform Pb-Zn mineralization, similar to those in the Liberty area, occur in Nasina assemblage quartzite in the Dawson 116C quadrangle of Yukon (Mortensen, 1988; Hunt, 1997) . At one of these showings (MORT), 1-3 mm-thick laminae of galena or cerussite ± sphalerite are present in buff-colored muscovitic quartzite interlayered with muscovite schist (figs. 9A and 9B). 
Lead Creek prospect hosts base-and precious-metal mineralization of unknown age
The Lead Creek prospect, so named because of the discovery by WGM, Inc., of high Pb, Zn, and Ag values in silt samples from a south-flowing tributary of Columbia Creek, is currently being drilled as part of an exploration program conducted by WGM, Inc., on behalf of Ventures Resource Alaska. The prospect is underlain by a regionally and contact-metamorphosed, relatively undeformed section of carbonaceous schist, quartz-mica schist, pyritic metachert, felsic metatuff, and marble. Protolith ages for the host rocks may be Triassic, Permian, or Devonian and Mississippian. EM conductors and Pb and Ag soil anomalies occur in an area underlain by carbonaceous schist containing siliceous nodules and quartz-galena veins. Most siliceous nodules contain <3.7 percent Pb and 196 g/t Ag (Schmidt, 1997) . A 2.5 m-long trench sample of carbonaceous schist contained 1.9 percent Pb and 72 g/t Ag and a sample of a feldspar porphyry dike contained 1,309 ppm Pb and 2,450 ppm As (U.S. Bureau of Mines, 1995) . Sampling at the prospect during the present study yielded a sample of pyrite-bearing carbonaceous quartzite that contained >10,000 ppm As and 170 ppb Au and a highly mineralized and oxidized sample displaying gray and yellow banding ( fig. 10) . Figure 10 . This supergene grab sample from the Lead Creek prospect yielded 2,330 ppb Au, 2126 g/t Ag, >10,000 ppm As, >100 ppm Cd, 1,420 ppm Cu, 10.8 percent Pb, and >10,000 ppm Sb. Sample 96ADb 49.
Newly dated Permian metarhyolite expands potential for VMS deposits
Weakly metamorphosed and deformed pyritic rhyolite tuff ( fig. 11 ) crops out 13 km northeast of the mouth of Columbia Creek in an area formerly mapped as part of the Nasina assemblage. A U-Pb zircon age determined in this study indicates a Permian (256.6±1 Ma) crystallization age for the rhyolite suggesting correlation with the Klondike Schist. Several VMS occurrences are hosted in Klondike Schist near Boundary ( fig. 6) (Mortensen, 1988) , 45 km to the south, enhancing the potential for similar-aged deposits in the Liberty area. 
Late Mississippian age for deposition and mineralization of Chena Slate Belt and Liberty area quartzites
New Pb isotopic data for syngenetic(?) galena collected in mineralized drill core from the CSB and from sphalerite-bearing quartzite in the Liberty area indicate a Devono-Mississippian age of mineralization ( fig. 12) . In addition, an Early Mississippian (346.4±1 Ma) protolith age for the CSB is indicated by a newly determined concordant U-Pb zircon crystallization age for a felsic metatuff layer within carbonaceous argillite in the eastern part of the CSB (fig. 2) . These new ages support correlation of the black quartzite unit with both the Devono-Mississippian Nasina assemblage in Yukon as proposed by Mortensen (1992) and Foster (1992) , and with the Keevy Peak Formation in the Alaska Range as proposed by Smith and others (1994) . • Devono-Mississippian Pb isotopic model ages of stratiform galena and U-Pb zircon crystallization ages of interlayered felsic tuffs.
• finely laminated to locally massive sulfide textures parallel to metamorphic foliation and compositional layering in the graphitic rocks of the CSB.
• the high SiO 2 and locally high Ba contents of the buff-colored, sphalerite-and galenabearing quartzite layers within the carbonaceous sequence in the Liberty area. These layers may represent diagenetically altered and subsequently metamorphosed chemical precipitates that originally formed on the seafloor.
2. Mineralization in Nasina-age rocks of the CSB and the Liberty area may be similar in age and tectonic and (or) sedimentary setting to sediment-hosted Zn-Pb deposits in the Selwyn Basin-Kechika Trough farther east that occur in fine to coarse black clastic rocks of the Middle Devonian to Mississippian Earn Group.
3. The variety of metals and host rocks at the Lead Creek prospect may indicate multiple episodes of mineralization. Pb-and Ag-enriched siliceous nodules in carbonaceous schist and metachert are perhaps of diagenetic origin. However, the presence of a feldspar porphyry dike anomalous in Pb and As, the high Pb, Sb and As in oxidized material, and the presence of quartzgalena veins, contact metamorphism and sulfide-bearing intrusions in the immediate area suggest that some metals were remobilized or introduced during a later magmatic hydrothermal event.
4. The discovery of a Permian-age metarhyolite in the Liberty area expands the potential for stratiform mineralization to include Permian VMS deposits.
